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Abstract 
From the end of the 1970's until the end of the 1990's, the eutrophi- 
cation process in six gravel pit lakes situated near to the dammed 
river Donau, was studied. The gravel pits were dredged between 
1956 and 1972. Water levels in the river were over 2 m higher than in 
the lakes and this resulted in considerable hydraulic pressure from 
the river to the lakes and, therefore, infiltration of nutrient rich water 
into the lakes. At the end of the 1970's tile total phosphorus concen- 
trations howed a trend with lake I having the highest and lake VI 
the lowest concentration. Lake I was hypertrophic, lake II eutrophic 
and lakes III to VI were meso- to eutrophic. This trend can be ex- 
plained by the infiltration pattern: infiltration was greatest at, and 
upstream of lake I, and lower downstream and in the other lakes as 
they were shielded by a concrete barrier. In the 1990's the level of 
eutrophication in lakes I and II decreased because the phosphorus 
loads in the river decreased. The level of eutrophication in the other 
lakes stayed constant or slightly increased inthis time due to ageing. 
The water level in the lakes increased in the course of the years, 
probably due to the lake bottom and sides becoming more tightly 
sealed from the sedimentation f autochthonous material. Chloride 
concentrations in the lakes and the surrounding water were high 
compared to natural conditions. Chloride concentrations i  lake VI 
increased considerably inthe course of the three decades. A drainage 
ditch runs through this lake. The increase of chloride concentration 
in this lake probably results from the long term application of road 
salts during snowy or icy periods, which get washed off roads into 
the surrounding groundwater and surface water. 
1. Introduction 
Gravel pits are man made groundwater lakes. The increased 
demand for gravel and sand has led to more quarrying, and 
afterwards to the formation of these lakes. Most gravel pit 
lakes are in the valleys of large rivers. In South Germany 
along the rivers Donau and Iller hundreds of these lakes have 
been dredged in recent decades which shows that gravel pit 
lakes have become important still water habitats which are 
used for fishery, swimming, water sports and conservation 
(WILKE 1974; SIEBECK & LUTZ 1980; DINGETHAL et al. 1985; 
BERNDT 1991; STAAS 1991). Morphology, limnochemistry, 
phytoplankton a d zooplankton of gravel pit lakes as well as 
interactions between the groundwater and these lakes have 
already been studied (e.g. HAMM 1975, 1980; LOBBE 1977; 
BANOUB 1978, 1980; SIEBECK 1979; WROBEL 1980a, b; 
KOHM 1980; GARNIER & LESCHER-MOUTOUE 1985; GARNIER 
et al. 1987; BACKHAUS & BANOUB 1988; CO~ELAS et al. 
1990; MAma & BUCHHOLZ 1996). Most gravel pit lakes are 
small and shallow with steep sides. Surface areas are gener- 
ally only several hectares, and maximum depths are (depen- 
dent on the extension of the gravel and sand layers) normally 
between 4 and 12 m. Most gravel pits are oligotrophic lakes 
for at least he first few decades after being dredged (GLANZ- 
ER 1972; HAMM 1975; DROZD 1986) but those which lay in 
the watershed of rivers can be heavily polluted (COBELAS et 
al. 1990). Some gravel pits have been dredged in close vicin- 
ity to rivers; some have an open connection with the river 
(GOPEL et al. 1980/8l; BERNDT & NEUMANN 1985, 1986; 
BAAR et al. 1990; NEUMANN et al. 1994, 1995), i.e. are direct- 
ly supplied with river water. Due to the high nutrient loads of 
our rivers, lakes supplied with river water rather than 
groundwater a e normally eutrophic to hypertrophic. 
In this paper we describe aparticular situation, i.e. the eu- 
trophication of gravel pit lakes which have no open connec- 
tion with the river but are supplied by infiltrating river water 
(MAIER 1987). Infiltration of river water affected the physi- 
cal and chemical characteristics of these lakes (MAIER et al. 
1987). Although nutrient concentrations, in particular phos- 
phorus, which adsorbs to soil particles (e.g. KUSSNAUL & 
MOHLHAUSEN 1979; MAIER 1987), decrease during the pas- 
sage through the dam between river and lake, infiltration of 
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river water does accelerate the eutrophication process. Be- 
sides nutrients we monitored water levels, chlorophyll a and 
chloride concentrations over three decades. Water levels 
were monitored to get information about he hydrology and 
possible changes in the hydrology of the study area in the 
course of the study period. Gravel pits become more water- 
tight against the groundwater when they age which results in 
changes of the hydrology in the surroundings. The nutrient 
situation in the lakes was tudied because nutrient loads in 
the river Donau have decreased considerably in the last 
decade. Chloride concentrations were studied to detect 
whether use of road salts in winter led to an increase of chlo- 
ride concentrations in the groundwater and, consequently, in 
the lakes. 
2. Study Site 
The lakes are situated in an inundation forest about 15 km to 
the northeast of the city of Ulm, South Germany, at about 
48045 , N, 10017 , E. The elevation above sealevel is 500 m. 
All lakes are situated along the river Donau between the 
Donau and a drainage ditch (Figs. 1 and 2). The distance be- 
tween the southwestern shore of lakes and the northeastern 
Fig. L Photographic picture of the 
study area showing the six lakes and 
the river Donau. The twolakes in the 
north of the lake chain were not stud- 
ied. 
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Table 1. Morphology and some physical and chemical characteristics of the lakes (I-VI), the surrounding groundwater (GW 1-GW 6) and 
the nearby running waters (Donau and drainage ditch); physical and chemical data from 1981 to 1998. 
Surface Volume Max. Med. Temperature Conductivity Total hardness Alkal inity pH 
area/breadth depth depth max. / range range range range range 
[ha] / [m] [m 3] [m] [m] [°C] [~tS cm 1] [meq 1 -I] [meq 1 -l ] 
Lake I 2.34 105 000 9.9 4.48 21.7 342-707 3.05-5.47 2.55-5.75 7.0-8.6 
Lake II 2.25 96 400 9.2 4.29 21.7 368-685 3.27-5.33 2.85-5.60 7.0-8.5 
Lake I I I  1.76 99 300 10.3 5.65 22.1 340-560 3.49-4.93 3.05-4.80 7.2-8.5 
Lake IV 2.01 87 300 7.9 4.35 21.8 379-620 3.72-4.87 3.25-4.65 7.1-8.5 
Lake V 3.03 129 700 9.3 4.28 22.8 360-672 3.10-5.18 2.65-5.55 7.0-8.6 
Lake VI 9.62 362 914 8.3 3.77 20.2 476-651 4.74-5.45 4.08-5.30 7.3-8.6 
GW 1 . . . .  9.9-16.5 489-506 4.61-5.20 4.14-4.15 - 
GW 2 . . . .  8.9-16.3 501-521 4.72-5.17 4.06-4.50 - 
GW3 . . . .  10.9-18.7 458-498 4.49-5.49 4.10-4.31 - 
GW4 . . . .  9.0-15.8 496-510 4.58-5.19 4.10-4.25 - 
GW 5 . . . .  7.9-15.9 508-515 4.75-5.32 4.04-4.50 - 
GW6 . . . .  8.3-13.1 530-562 4.83-5.57 4.15-4.50 - 
Donau 30 - 4.0 - 16.6-18.8 379-441 3.93-5.18 3.50-4.22 - 
Drainage ditch 3 - 0.5 - 11.3-13.6 545-583 5.00-5.36 3.96-4.35 - 
shore of the Donau is about 50 m, the distance beween the 
northeastern shore of the lakes I to V and the southeastern 
shore of the drainage ditch is 10 to 20 m. The dams between 
the lakes are between 4 and 20 m broad. The drainage ditch 
flows through lake VI. 
The lakes were dredged between 1956 to 1972. No dredg- 
ing or gravel washing was conducted uring the investigation 
period. Surface areas of the lakes range between 1.8 and 3 ha 
and maximum depths between about 8 and 10 m (Table 1). 
Maximum surface temperatures in summer are between 20 
and 23 °C. All are hard water lakes; conductivity ranges be- 
tween 340 and 700 pS cm -1, total hardness between 3 and 
5.5 meq 1 1 and alkalinity beween 2.5 and 5.8 meq 1-1. Stratifi- 
cation conditions vary between the lakes. Lakes I to V show a 
relatively stable stratification during summer, with a thermo- 
cline at 3 to 4 m; lake VI does not have or has only a weak 
stratification, respectively, because the drainage ditch flows 
through it (MAIER et al. 1987; SCHWARZ 1994; KATTNER 1999). 
Six groundwater wells (Fig. 2) consisting of steel pipes 
were sunk in the surroundings of the lakes in 1984 (MATER 
1987). The groundwater table is 1 to 3 m below the ground 
level and the incl ination of the groundwater fall is 1 to 2%o, 
the flow direction is from northwest (west) to southeast, he 
flow velocity is about 0.4 to 0.8 m d -1 (MAIER 1987). The 
Donau has a breadth of approximately 30 m and a depth of 
approximately 4 m, the drainage ditch a breadth of 3 m and a 
max imum depth of 0.5 m. The groundwater and the river wa- 
ters are hard (Table 1). 
3. Methods 
Water levels in the lakes, rivers and the wells were monitored each 
week from March 1984 to July 1984, March 1993 to December 1993 
and December 1997 to December 1998. Measuring bars were in- 
stalled at the northern shores of the lakes and the Donau and at the 
southern shore of the drainage ditch. Water levels in the lakes and 
the waterways were measured using a measuring stick and water 
levels in the groundwater wells were measured using a measuring 
tape attached to a 3 m long pole. To obtain information of the hydro- 
logic situation in the study area, water levels of the lakes, running 
waters and the groundwater were levelled out using a level instru- 
ment (Ni 050 Zeiss Jena) and stadia rods. All water levels were ap- 
plied to an iron bar which was situated near lake II. 
The physical and chemical data from April 1979 to August 
1979, which were taken for comparison with more recent measure- 
ments, originate from works of K)kMPFLE (1979) and SEDLATSCHEK 
(1979). Physical and chemical parameters from the later years 
1981-1983, 1993 and 1998 were determined four to six times per 
year. The first sampling time was shortly after ice break during the 
period of complete circulation of water. Two or three samples were 
taken during the period of summer stratification and the last sample 
was taken during the autumnal circulation and/or in the winter 
when the lake was frozen over. During the circulation periods only 
one sample was taken from each lake at a distance of about 2 m 
from the shore using a one litre plastic bottle. During the stratifica- 
tion periods sampling was done at deepest points in the lakes and 
samples were taken at intervals of 2 m from the surface to the bot- 
tom using a two litre Ruttner bottle. Groundwater samples and 
samples from the running waters were taken at the same time as 
lake samples. Groundwater samples were obtained using a hand 
pump; river water was collected using a one litre plastic bottle. All 
samples were transported to the laboratory in cool dark boxes and 
were then analysed immediately according to the ,,Deutsche Ein- 
heitsverfahren" (Table 2). Correlation coefficients (Spearman 
rang) were calculated to detect possible relations of water level 
fluctuations between the lakes, the groundwater and the running 
waters. Atrophic state index according to CARLSON (1977) based 
on total phosphorus, chlorophyll a and Secchi depths was calculat- 
ed to compare the trophy of different lakes in different years of in- 
vestigation. 
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Table 2. Applied methods for determination f transparency, chemical features and phytoplankton biomass (according to the ,,Deutsche Ein- 
heitsverfahren"). 
Parameter Method 
Secchi disk transparency 
Ortho-PO 4
Total-PO4 
NO3 
Chl a 
C1- 
White disk, diameter 20 cm 
Phosphormolybdenblue, photometric determination at 720 nm (according to Vogler) 
Disintegration with sulfuric acid; Phosphormolybdenblue, photometric determination at720 nm (according to 
Vogler) 
Nitrification to Nitrosalicylacid, photometric determination at 420 nm (according to Scheringa) 
Acetonextract; photometric determination at 750 nm (reference), 663 nm, 645 nm and 630 nm 
Potentiometric determination with a ion-sensitive electrode 
4. Results 
Water levels 
The water level in the groundwater wells and the lakes were 
lowest at the end of the winter and early spring. They in- 
creased in summer and peaked in late autumn (Fig. 3A, B). 
The magnitude of the water level fluctuations in the investi- 
gation period 1997/98 was 10 to 25 cm in the lakes and 10 to 
32 cm in the groundwater. The magnitude of the water level 
fluctuations in the running waters were 17 cm in the river 
Donau and 10 cm in the drainage ditch (Fig. 3C). Water lev- 
els in the groundwater wells were significantly positively 
correlated with each other and significantly (or almost sig- 
Table 3. Correlation coefficient (Spearman Rang) between water levels in the different systems; the groundwater wells (GW 1-GW 6), the 
drainage ditch (Dd), the Donau and the lakes I-VI. 
p-level: * <0.05 ** < 0.01 *** <0.001 
GW1 GW2 GW3 GW4 GW5 GW6 Dd Donau LakeI LakeII Lake lII Lake IV Lake V LakeVI 
GW1 0.927 0.508 0.927 0.854 0.903 -0.461 -0.036 -0.902 -0.850 -0.799 -0.816 -0.214 -0.043 
GW2 0.541 0.949 0.881 0.915 -0.522 0.008 -0.964 -0.911 -0.872 -0.888 -0.264 -0.087 
GW3 0.612 0.607 0.543 -0.225 -0.205 -0.602 -0.583 -0.536 -0.608 -0.352 -0.259 
GW4 0.921 0.917 -0.479 -0.035 -0.977 -0.918 -0.874 -0.897 -0.325 -0.140 
GW5 0.901 -0.516 -0.171 -0.922 -0.911 -0.876 -0.872 -0.396 -0.226 
GW6 -0.578 -0.085 -0.911 -0.901 -0.850 -0.866 -0.362 -0.283 
Dd 0.087 0.478 0.612 0.644 0.668 0.087 0.085 
Donau 0.037 0.065 0.097 0.079 -0.074 -0.204 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lake I 0.948 0.899 0.919 0.356 0.134 
Lake II 0.954 0.955 0.420 0.216 
Lake III 0.969 0.346 0.176 
Lake IV 0.399 0.214 
g~ 
Lake V 0.773 
Lake VI 
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Fig. 3. Water level fluctuations in the lakes (A), the groundwater wells (B) and the running waters (C) from December 1997 to December 
1998. Abbreviations see Fig. 2. Water level fluctuations from earlier years show similar trends and were not depicted. 
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Tab le  4. Results  of  measur ing  (in cm) carr ied out  in 1984, 1993 and 1998 showing  water  levels in the groundwater  wel ls (GW 1-GW 5), the 
dra inage ditch (Dd), the Donau and the lakes ( I -VI ) ;  all levels were  appl ied to the iron bar  s i tuated at Lake  II. 
GW1 GW2 GW3 GW4 GW5 Dd Donau Lake I  Lake l I  Lake l I I  Lake  IV  LakeV LakeVI  
1984 -80 .9  -92 .2  -165 .8  - - -181 .0  +140 -82 .9  -108 .8  -111 .8  -119 .5  -137 .8  -164 .3  
1993 -58 .2  -67 .8  - -61 .6  -66 .8  -72 .7  +154 -65 .7  -83 .9  -89 .0  -96 .1  - i13 .0  -143 .4  
1998 -27 .5  -37 .2  -140 .0  -30 .8  -52 .2  -108 .3  +161 -50 .7  -74 .0  -74 .2  -80 .0  -95 .7  -130 .5  
Tab le  5. Nutr ient  concentrat ion,  ch lorophy l l  a, and  Secchi  depths in the study lakes ( I -V I ) ,  the groundwater  wel ls  (GW 1-GW 6) and the run- 
n ing waters  f rom 1979 to 1998; nutr ient  concentrat ions  are f rom spr ing measurements  carr ied out  short ly  after the ice break;  ch lorophy l l  a 
concent rat ion  and Secchi  depths are ranges  dur ing summer  strat i f icat ion; ¢~ accord ing  to I~MPFLE (1979) and SEDLATSCHEK (1979). 
1979 <11 1981 1982 1983/84  1993 1998 
Tota l  PO4-P  
[pg  1-1] 
Lake  I 168 136 167 148 50 62 
Lake  I I  51 73 91 60 74  63 
Lake  I I I  50 33 73 50 44  138 
Lake  IV  36 44 57 37 49 32 
Lake  V 15 30 39 23 46 50 
Lake  V I  16 - - - 27 38 
D isso lved  GW 1 - - - 158 76 39 
PO4-P  GW 2 - - - 171 8 30 
[pg  1-1] GW 3 - - - 108 - 63 
GW4 - - - 231 119 90 
GW 5 - - - 156 58 41 
GW 6 - - - 4 - 3 
Donau 221 271 153 191 40 40 
Dra inage  d i tch  - 6 8 3 15 16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NO3-N Lake  I 0.71 1.41 1.30 0.44 0.90 1.17 
[mg 1-1] Lake  I I  0.52 0.64 0.86 0.39 0.06 0.61 
Lake  I I I  1.21 1.34 1.27 0.86 0.66 1.34 
Lake  IV  0.43 0.44 0.87 0.53 1.18 1.47 
Lake  V 0.18 0.26 0.67 0.35 0.29 0.05 
Lake  V I  1.28 - - - 1.77 1.51 
GW 1 - - - 1.40 3.33 1.53 
GW 2 - - - 2.20 2.97 1.56 
GW 3 - - - 1.20 - 1.37 
GW 4 - - - 3.96 3.69 1.73 
GW 5 - - - 3.77 3.28 1.93 
GW 6 - - - 1.95 - 1.21 
Donan 2.90 2.26 3.53 2.89 3.15 3.17 
Dra inage  d i tch  - 1.55 1.60 1.56 2.29 1.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chl  a 
[pg  1-1] 
Lake  I 8 -233  5 -380 - - 7 -80  7 -38  
Lake  I I  3-62  3 -206 - - 7 -60  5 -16  
Lake  I I I  2 -43  3 -319 - - 12 -40  4 -18  
Lake  IV  2 -32  2 -296 - - 10 -94  3 -23  
Lake  V 2 -28  3 -252 - - 9 -93  9 -22  
Lake  V I  2 -22  - - - 6 -143  3 -44  
Secch i  d i sk  Lake  I 0 .4 -1 .5  0 .8 -1 .1  - - 1 .3-3 .5  1 .1-2 .7  
t ransparency  Lake  I I  0 .8 -3 .0  0 .8 -2 .1  - - 0 .8 -1 .8  1 .2-2 .7  
[m]  Lake  I I I  1 .0 -6 .0  2 .0 -7 .4  - - 0 .8 -2 .9  1 .1-2 .9  
Lake  IV 1.1-7.8 2 .7 -6 .0  - - 1 .3-1 .8  1 .2-2 .6  
Lake  V 1 .2-7 .8  1 .8 -6 .0  - - 1 .1 -1 .9  1 .5-1 .9  
Lake  V I  2 .0 -8 .0  - - - 1 .3 -3 .6  1 .6-3 .9  
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Fig. 4. Results of the measuring carried out on March 7, 1998; (A) 
cross section showing water levels of the Donau, lake II and the 
drainage ditch and (B) longitudinal section showing water levels in 
the groundwater wells (GW 1, GW 2, GW 3), the lakes and the 
drainage ditch. Black vertical bars are dams between the systems. 
Abbreviations see Fig. 2. 
nificantly) negatively correlated with water levels of lakes I 
to V (Table 3). Water levels of lakes I to V were significantly 
positively correlated with each other; water levels of lake VI 
were only correlated with water levels of lake V. Water levels 
of the drainage ditch were significantly negatively correlated 
with groundwater levels and significantly positively corre- 
lated with water levels of lakes I to IV. No relation was found 
between water levels in the Donau and those of the other 
water systems (Table 3). 
The water level in the Donau is more than 2 m higher than 
in the lakes (Fig. 4A). The water level in the drainage ditch is 
about 20 cm lower than that of lakes I to V. Within the lake 
chain water levels decrease from lake I to lake VI (Fig. 4B). 
Differences of water levels between the lakes range from 0.2 
(between lake II and III in 1998) to 35 cm (between lake V and 
lake VI in 1998). From 1984 to 1998 the water levels in the 
lakes rose between 32 (lake I) and 42 cm (lake V) (Table 4). 
Water levels in the groundwater wells and the Donau also rose 
by 20 to 50 cm. Water levels in the drainage ditch rose from 
1984 to 1993 but descended from 1993 to 1998. 
Nutrients, Chlorophyll a and Chloride 
In the years 1979 to 1983 there was a pattern in the concentra- 
tions of total phosphorus in the lake chain showing the high- 
est concentration of phosphorus in lake I and comparatively 
low concentrations in lakes V/VI (Table 5). In the 1990's, this 
trend became less noticeable. Over the years there was a con- 
siderable decrease of total phosphorus concentrations in 
lake I, unchanged concentrations in lakes lI to IV and a slight 
increase of phosphorus concentrations in lakes V and VI. In 
the Donau concentrations of dissolved phosphorus decreased 
from 270 ~tg 1-1 in 1981 to 40 ~g 1 1 in the 1990's, and in the 
drainage ditch concentrations remained fairly constant 
Table 6. Chloride concentrations (ranges) in the lakes (I-VI), the groundwater wells (GW 1-GW 6) and the running waters from 1979 to 
1998. 
CI- [mg 1-1] 
1979 1981 1982 1983/84 1993 1998 
Lake I 16.0-18.2 17.2-29.7 17.0-21.0 19.9-22.7 17.4-23.4 20.7-23.5 
Lake II 17.1-17.3 17.9-26.3 17.3-18.7 18.6-22.0 17.7-23.4 20.5-23.4 
Lake III 19.9-21.1 19.4-25.7 19.0-19.8 20.6-21.8 18.9-23.3 21.6-24.1 
Lake IV 20.7-23.3 21 •0-26.2 21.4-23.0 22.1-22.8 19.7-25.4 22.2-24.5 
Lake ¥ 20•9-23.0 21 •3-24.0 19.1-22.1 20.1-22.3 18.9-22•3 21.6-23.6 
Lake ¥ I  22.6-23.3 - - - 30.6-38.2 29•2-34.0 
GW 1 - - - 17.5 27.4 27.0 
GW 2 - - - 15.5 27.0 27.0 
GW 3 - - - 16.4 - 28.9 
GW 4 - - - 23.9 30.1 26.5 
GW 5 - - - 25.3 24.6 28.0 
GW 6 - - - 25.4 - 25.8 
Donau 17.2 17.1 19.4 23.7 21.7 19.3 
Drainage ditch 22.9 30.6 32.2 37.8 46.7 36.6 
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(Table 5). A similar pattern is reflected in the chlorophyll a
concentrations and the Secchi disc transparency. Both para- 
meters how a gradient from lake I to lake V in the 1970's and 
1980's and no or almost no gradient in the 1990's (Table 5). 
However, no such pattern was observed in the nitrogen con- 
centrations. Nitrogen concentrations in the lakes ranged be- 
ween 0.2 mg 1 -~ (lake V in 1979) and 1.8 mg 1 -l (lake VI in 
1993). Nitrogen concentrations in the Donau ranged between 
2.3 and 3.5 mg 1 1 and in the drainage ditch between 1.6 and 
2.3 mg 1-2 (Table 5). Chloride concentrations in the lakes and 
in both running water systems were high compared to natural 
concentrations (natural concentrations are approximately 
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Fig. 5. Trophic state indices (TSI) calculated according to CARLSON (1977). Calculations are based on means of total phosphorus, chlorophyll 
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10 mg 1 ~) (Table 6). However, over the years chloride con- 
centrations showed either no signs of increase (lakes II to V) 
or only a slight increase (lake I and running waters). 
The trophic state indices (Fig. 5), which are based on 
mean yearly total phosphorus and chlorophyll a concentra- 
tions and mean Secchi depths, show that lake I was hyper- 
trophic, lake II was eutrophic and lakes III to VI were meso- 
to eutrophic in the 1970's and 1980's. In the 1990's all lakes 
had become meso- to eutrophic. Differences in the degree of 
eutrophication between the lakes was greatest in the 
1970's/80's but unimportant in the 1990's. 
5. Discussion 
Although water level fluctuations in the Donau did not corre- 
late with water level fluctuations in the lakes it is obvious 
that the nearby Donau does have an effect on the lakes. The 
fact that the water level in the Donan is more than 2 m above 
the lake levels shows that there is a considerable hydraulic 
pressure between the Donau and the lakes which results in 
the infiltration of Donan water into the study lakes. The infil- 
tration of Donau water is particularly strong in, and upstream 
of lake I. The other lakes and the groundwater downstream 
are shielded by the concrete barrier. The opinion that lake I is 
particularly affected by infiltrating Donau water is supported 
by earlier experiments carried out in late winter where road 
salts were used as tracers (MAIER 1987). These earlier exper- 
iments showed that peak concentrations of chloride in the 
Donau were proceeded by peak concentrations in the 
groundwater wells in the surroundings of lake I with a delay 
of about one week (MAIER 1987). Infiltration of nutrient rich 
river water was responsible for the high phosphorus concen- 
trations in lake I in the 1970's and 1980's. Although some 
phosphorus is adsorbed to soil particles during the passage 
through the dam (MAIER 1987) most part penetrated it, 
reached lake I and was retained in this lake. Some phospho- 
rus was transported from lake to lake due to the hydraulic 
pressure resulting from the different lake levels. All this can 
explain the phosphorus gradient within the lake chain, i.e. 
the decreasing phosphorus concentrations from lake I to V in 
the 1970's/80's. Decreasing nutrient loads in the river Donau 
from the 1980's to the 1990's resulted in a decrease of the 
nutrient concentration i  lake I, which implies that lake I has 
slightly recovered over the years. Chlorophyll a concentra- 
tions in lake I closely tracked phosphorus concentrations 
which has been shown for lakes which recovered from eu- 
trophication (LEvINE & SCHINDLER 1989). In the lakes II to 
VI the phosphorus and chlorophyll a concentrations either 
remained the same or slightly increased ue to aging. Nitro- 
gen concentrations did not decrease in lake I since it did not 
decrease in the nearby river. The fact that lake I reacted 
rapidly to reduced phosphorus loads in the river may origi- 
nate from a minimal phosphorus return from the sediment 
(cf. LEVINE & SCHINDLER 1989). 
The fact that water levels in the lakes increased from the 
1980's to the 1990's undoubtedly results from the sealing of 
the downstream shores. Sedimentation of autochthonous 
material sealed the shores and led to a reduced flow through, 
to a damming up of the water and thus to an increase of water 
levels. WROBEL (1980a, b) has already shown that water lev- 
els in a gravel pit lake increase with ageing. 
Our results how that the chloride concentrations have in- 
creased (by about 10 to 15 mg 1-1) in the drainage ditch and 
lake VI. The reason for this increase is undoubtedly the con- 
tinual application of road salts. The drainage ditch, which 
flows through lake VI, originates from a gravel pit lake situ- 
ated near the highway A7. This gravel pit is about 2 km west 
of the study area. Road salts distributed in winter are washed 
into the groundwater and surface waters. It has been shown 
by HUTTERER & TESSENOW (1995) that road salts can lead to 
an increase of chloride concentrations in the groundwater 
and in pools of water near large roads. HUTTERER 84 
TESSENOW (1995) showed that a gravel pit lake which re- 
ceived street-runoff from the highway A7 has almost become 
meromictic. We cannot proof that the reason of the relatively 
high chloride concentrations in the study area are the result 
of the long term application of road salts. However, there are 
indications in this direction. The highway A7 is only 3 km 
away from the study area and the study lakes could receive 
salts via the groundwater. Other salt sources are inprobable 
since all lakes are located in a forest area. 
Finally we stress that gravel pit lakes which are situated in 
close vicinity to a dammed river can eutrophicate rapidly due 
to infiltration of nutrient rich river water. Although, phos- 
phorus concentrations in the river water decrease during the 
passage through dams continuous infiltration of river water 
does accelerate the eutrophication process. The high level of 
eutrophication i the lakes, which is frequently associated 
with oxygen deficits in the hypolimnion and an increase of 
bacteria, can diminish their value for fishery, bathing and 
conservation. 
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